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Summary
Background: The radiological and epidemiological data from the Copenhagen Osteoarthritis Study (COS) were analysed in order to assess
the prevalence of osteoarthritis (OA) of the ﬁrst carpometacarpal joint (CMCJ). Another aim of the study was to analyse relationships between
radiologic CMCJ OA and self-reported pain. The third aim was to analyse if additional information could be obtained applying a new method of
correlating individual radiological features to self-reported pain, compared to Kellgren and Lawrence’s (KeL’s) radiologic OA classiﬁcation.
Methods: Between 1992 and 1994 standardised radiographs of both hands were recorded in 3355 participants of the COS cohort. Subjects
with known rheumatoid arthritis, other inﬂammatory arthritis or earlier fractures of the hand were excluded. OA of the CMCJ was assessed
according to KeL’s radiologic classiﬁcation by two senior radiologists at our institution. The radiologists further evaluated individual radiologic
features of CMCJ OA as recommended by KeL according to the text attached to each picture in their radiologic atlas of OA. To estimate inter-
and intraobserver reproducibility a subset of 100 radiographs was reread.
Results: Our analyses demonstrated that the KeL method was not able to classify all X-rays. In 608 (18.1%) cases, combinations of joint
space width (JSW) measurements, the graduation of osteofytes, sclerosis and cysts fell outside the classiﬁcation. The radiological evaluation
of individual features of OA demonstrated an acceptable reproducibility, intrapersonal (k¼ 0.79) as well as interpersonal (k¼ 0.65). The prev-
alence of each radiological feature increased after the ﬁfth decade, progressively more so among women (P< 0.001), with the highest prev-
alence (36.0%) of grades 3 and 4 JSW reduction among women> 80 years. A signiﬁcant correlation was found between signs of radiologic
degeneration and self-reported pain (P< 0.001); however, different combinations of OA features had different relations to symptoms. Logistic
regression analyses revealed sclerosis to have an independent inﬂuence on pain in the thumb compared with the presence of osteofytes,
cysts and diminished JSW. Body mass index (BMI) was positively related to radiological changes. In logistic regression analyses BMI did
not demonstrate an independent positive relation to OA.
Conclusion: Radiological degenerative changes in the CMCJ by age especially among women are quite common. However, it is demon-
strated that global radiologic classiﬁcations of OA of the CMCJ have serious limitations in epidemiological studies. Not all cases ﬁt into clas-
siﬁcation based on the KeL-atlas. Among the radiological features, subchondral sclerosis is signiﬁcantly related to self-reported pain. Speciﬁc
radiologic data should be incorporated in epidemiological studies on hand OA.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Key words: First metacarpophalangeal joint, Osteoarthritis, Clinical epidemiology.
International
Cartilage
Repair
SocietyIntroduction
Osteoarthritis (OA) involvement of the ﬁrst carpometacarpal
joint (CMCJ) differs from OA in other joints of the hand in
clinical and epidemiological aspects1e3. Few studies have
described the distribution of degeneration of the CMCJ in
the background population in terms of age, gender, or cor-
relation between clinical status and radiologic evidence of
degeneration4e6. Since no consensus deﬁnitions of radio-
logic CMCJ degeneration exist, incidences and prevalences
vary throughout the literature. Most authors have used
global classiﬁcations as the Kellgren and Lawrence (KeL)
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Received 10 May 2005; revision accepted 12 December 2005.49score, or have arrived at a summarising score assessing in-
dividual radiologic features of OA7,8. In this study of the Co-
penhagen Osteoarthritis Study (COS) cohort we
investigated the distribution of CMCJ OA and the preva-
lence of pain of the thumb in the general population. A fur-
ther aim of the study was to analyse relationships between
radiological features of OA and pain. The third aim was to
analyse if additional information could be obtained by corre-
lating individual radiological features of CMCJ OA with
symptoms compared to the method introduced by KeL.
Material and methods
THE COPENHAGEN CITY OSTEOARTHRITIS STUDY
The Copenhagen City Hearth Study (CCHS) is a longitudi-
nal survey of an adult, urban Caucasian cohort randomly se-
lected from the county of O¨sterbro in Copenhagen. CCHS
has registered life style factors and general health factors6
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involved in the investigation of musculoskeletal aspects.
Between 1992 and 1994 standardised radiographs of the
hands were recorded in 4151 randomly selected individuals
of the CCHS study cohort (M 1.533/W 2.618). X-rays were
recorded in neutral supination/pronation of the hand. The
distance from the tube to the ﬁlm was 100 cm with focus be-
tween the second and third metacarpal bone. Two radiology
technicians performed all recordings. At the time of X-ray
recordings, self-reported pain of the ﬁrst CMCJ during activ-
ity and rest was registered based on the question:
‘‘Do you experience pain of the thumb wringing out
a dishcloth?’’
At the third CCHS examination, participant’s height and
weight were recorded and body mass indexes (BMIs)
were calculated for each individual (kg/m2).
RADIOGRAPHIC FEATURES OF JOINT DEGENERATION
OF THE FIRST CMCJ
The presence and distribution of each feature: (1) reduced
joint space width (JSW), (2) osteofytes, (3) cysts and (4) sub-
chondral sclerosis were graded into four classes: 0(, no
signs of degeneration; 1(, mild; 2(, moderate; and 3(, se-
vere degeneration, which was a modiﬁcation of KeL’s gen-
eral description of OA by the fusion of ‘‘doubtful’’ and
‘‘minimal’’ to one class:mild. An algorithm of the individual ra-
diologic features described in the legends accompanying the
ﬁgures of the KeL radiologic atlas of CMCJ degeneration
was established (Table I)10. In the legends KeL only differs
between the presence/no presence of cysts and narrowing
of joint space. Therefore these two variables were
Table I
The KeL classification based algorithm by grading of each radio-
logical feature of first CMCJ OA
Kellgren grading
of the ﬁrst CMCJ
Osteofytes* Cysts* Joint
width*
Sclerosis*
0 0 0 0 0
1 1 1e3 0 0
2 2 1e3 0 0
3 2 1e3 1e3 1 or 2
4 3 1e3 1e3 3
KeL (1956) 0¼No degenerative changes. 1¼Minimal
osteofytosis and possible cyst formation. 2¼Deﬁnite osteofytes
and possible cysts. 3¼Moderate osteofytes, narrowing of joint
space and subchondral sclerosis and deformity of bone ends.
4¼ Large osteofytes, severe sclerosis and narrowing of joint space.
*Grading of each radiographic feature on a scale of 0e3.dichotomised in the algorithm. Two senior radiologists per-
formed all classiﬁcations. Only the right hand was described.
Twice each radiologist described the same 50 cases in
order to calculate the inter- and intraobserver reproducibility.
EXCLUSION OF SUBJECTS
One hundred forty-one subjects suffering from rheuma-
toid arthritis, and 676 participants sustaining a fracture of
the hand or wrist prior to X-ray recordings were omitted,
leaving 3355 participants for further analyses.
STATISTICAL ANALYSES
Differences in sex-related features of CMCJ degenera-
tion were assessed using c2 test. The increase in frequency
of degenerative changes of the CMCJ by age was evalu-
ated by Spearman’s test and bilinear logistic regression
analysis. In order to identify the importance of individual
radiologic features of CMCJ OA in relation to pain, multiple
logistic regression analysis was applied taking into account
sex and gender. A signiﬁcance level of P< 0.05 was ap-
plied. Kappa statistics were used in analysing inter- and in-
traobserver reproducibility. All statistical analyses were
performed with the SPSS 13.0 statistical software (SPSS
Inc., Chicago, IL).
Results
FREQUENCY OF OA ACCORDING TO KeL
By assessing CMCJ OA by the discriminators of KeL,
the prevalence of more than grade 2 CMCJ OA among
males increased from the age of 50 to 80 years from
0.0% to 22.7% (Table II). After the age of 60 the fre-
quency of signiﬁcant CMCJ OA increased progressively
to 36.7% in females> 80 years of age. (Sex-related dif-
ferences in prevalence: P< 0.008 and sex-related in-
crease by age: P< 0.001.) However, 200 (15.4%) cases
among men and 408 (19.8%) cases among women could
not be classiﬁed by the KeL classiﬁcation. In 608 (18.1%)
cases combinations of JSW, the graduation of osteofytes,
sclerosis and cysts did not ﬁt into the deﬁnitions by KeL
(Table III).
REPRODUCIBILITY
Twice each radiologist described the same 50 cases in
order to calculate the inter- and intraobserver reproducibility
of the KeL score. The radiological evaluation of individual
OA features when dichotomised into grades 0e1 and 2e3Table II
Frequency of OA according to KeL> grade 2 by age
Age
45 50 55 60 65 70 75 80 80þ All
Men No. 0 0 1 2 4 9 13 5 10 44
% 0 0 0.8 1.3 2.6 5.8 9.6 11.4 22.7 4.0
Total 162 83 131 156 154 154 135 73 47 1095*
Women No. 0 1 0 0 10 23 30 34 24 122
% 0 0.9 0 0 4.5 9.3 15.2 33.0 36.9 7.4
Total 283 112 195 228 222 246 198 103 65 1652**
*Two hundred cases were unclassiﬁable according to KeL’s classiﬁcation.
**Four hundred and ten cases were unclassiﬁable according to KeL’s classiﬁcation.
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k 0.79, as well as interpersonal k 0.65.
FREQUENCY OF THE SPECIFIC RADIOGRAPHIC FEATURES
Among men, reduced JSW was seen on the right side in
11.7% of the participants compared to 17.2% in women.
The presence of osteofytes, cysts and sclerosis showed
the same differences in relation to sex (17.2% vs 22.9%,
15.0% vs 21.3%, and 10.9% vs 17.4%; all P val-
ues< 0.001) (Table III).
AGE AND CORRELATIONS BETWEEN RADIOLOGICAL
FEATURES
We found a positive correlation between age and
frequency of the presence of each radiological feature
Table III
Radiologic features of OA in the right hand first CMCJ according to
sex
KeL
classiﬁcation
(0(e4()
Right
Male Female Difference
between sex
No. % No. %
0 1039 94.9 1508 91.3 P¼ 0.008
1 12 1.1 22 1.3
2 2 0.2 5 0.3
3 30 2.7 87 5.3
4 12 1.1 30 1.8
Classiﬁable 1095 100.0 1652 100.0
Non-classiﬁable 200 15.4 408 19.8
JSW
0 1144 88.3 1706 82.8 P< 0.001
1 76 5.9 164 8.0
2 50 3.9 141 6.8
3 25 1.9 49 2.4
Osteofytes
0 1072 82.8 1589 77.1 P< 0.001
1 150 11.6 291 14.1
2 47 3.6 129 6.3
3 26 2.0 51 2.5
Cysts
0 1101 85.0 1621 78.7 P< 0.001
1 102 7.9 204 9.9
2 72 5.6 190 9.2
3 20 1.5 45 2.2
Sclerosis
0 1154 89.1 1701 82.6 P< 0.001
1 78 6.0 178 8.6
2 42 3.2 128 6.2
3 21 1.6 53 2.6
Total 1295 100 2060 100(Tables IV and V, all P values< 0.001). The differences in
ﬁrst CMCJ degeneration between sexes increased by
age. Among participants older than 80 years the frequen-
cies of grade> 1 were 18.7e24.0% among men compared
to 33.0e36.0% among women.
Highly signiﬁcant correlations between all the individual
features of degeneration were found (P< 0.001).
THE INFLUENCE OF BMI
The presence of every radiological feature was positively
correlated to BMI (JSW: P< 0.002, osteofytes: P< 0.000,
and subchondral sclerosis: P< 0.01) except the presence
of cysts (P< 0.07). The overall CMCJ OA KeL grade 2e3
was positively related to BMI (P< 0.000).
RADIOLOGICAL PARAMETERS AND PAIN
Self-reported pain of the ﬁrst CMCJ was signiﬁcantly cor-
related to the degree of radiologic degeneration (P< 0.001)
(Table VI). About 42e51% of the participants with radiologic
CMCJ OA grade 3( reported pain compared to 16e17%
among persons without speciﬁc degeneration (P< 0.001).
Increasing CMCJ degeneration according to KeL demon-
strated a positive correlation (P< 0.001).
LOGISTIC REGRESSION ANALYSES
Logistic regression analyses including the four radiologic
features of CMCJ degeneration of sclerosis, cysts, reduced
JSW and osteofytes demonstrated that sclerosis and cysts
had independent effects on pain whereas the effect of
diminished JSW and osteofytes did not (Table VII). This is
visually demonstrated in Fig. 1. At each grade of cyst forma-
tion, the rate of pain was increased by concomitant forma-
tion of subchondral sclerosis (Fig. 1). These ﬁndings were
not inﬂuenced by age, sex or BMI (Table VII).
A highly signiﬁcant relation between pain and the global
stratiﬁcation by KeL was established including the above-
mentioned statistical confounders (Table VII).
The most important inﬂuence on the prevalence of self-
reported pain, however, was gender. Women complained
more often of CMCJ pain irrespective of radiologic evidence
of degeneration, BMI and age.
Discussion
The attempt to assess the radiologic OA classiﬁcation of
the ﬁrst CMCJ by KeL in this survey, exempliﬁed that the
classiﬁcation is not sufﬁcient. Among females 19.8% of
the hand radiographs were unclassiﬁable. This means
that the participants demonstrated combinations ofTable IV
Frequency of radiographic features more than grade 1 among men by age
Age
45 50 55 60 65 70 75 80 80þ Total
No. % No. % No. % No. % No. % No. % No. % No. % No. %
Diminished JSW 0 0 0 0 0 0 2 2.7 8 10.7 14 7.7 20 11.0 17 14.4 14 18.7
Osteofytes 0 0 0 0 1 0.7 5 2.9 8 10.7 14 7.7 17 9.4 13 11.0 15 20.0
Sclerosis 0 0 0 0 1 0.7 3 1.7 3 1.7 10 5.5 19 10.5 14 11.9 13 17.3
Cysts 0 0 0 0 1 0.7 3 1.7 12 6.7 16 8.7 25 13.8 17 14.4 18 24.0
Number 104 84 137 175 178 183 181 118 75 1295
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Frequency of radiographic features more than grade 1 among women by age
Age
45 50 55 60 65 70 75 80 80þ Total
No. % No. % No. % No. % No. % No. % No. % No. % No. %
Diminished JSW 0 0 1 0.8 0 0 5 1.9 13 4.8 37 11.2 48 15.5 50 28.2 36 36.0
Osteofytes 0 0 1 0.8 0 0 2 0.8 12 4.4 35 10.6 49 15.9 48 27.1 33 33.0
Sclerosis 0 0 1 0.8 0 0 4 1.5 14 5.2 33 10.0 44 14.2 51 28.8 34 34.0
Cysts 1 0.3 2 1.7 0 0 10 3.8 18 6.6 42 12.8 60 19.4 66 37.3 36 36.0
Number 287 118 205 264 271 329 309 117 100 2060
Table VI
Frequency of pain in the thumbs wringing a dishcloth in relation to radiological parameters in the right hand
Grade JSW Osteofytes Cysts Sclerosis KeL*
Number % Number % Number % Number % Number %
0 475/2850 16.7 429/2661 16.1 438/2722 16.1 473/2855 16.6 401/2547 15.7
1 69/240 28.8 124/441 28.1 93/306 30.4 69/256 27.0 10/41 24.4
2 76/191 39.8 66/176 37.5 92/262 35.1 71/170 41.8 47/117 40.2
3 31/74 41.9 32/77 41.6 28/65 43.1 38/74 51.4 22/42 52.4
*KeL classiﬁcation.
Table VII
The influence of radiological parameters, BMI, sex and age on pain. Logistic regression analyses
Co-variates b-value Odds ratio 95’s CL P-value
Radiological feature Sclerosis 0.434 1.543 1.206e1.974 0.001
Cysts 0.206 1.229 1.009e1.498 0.041
JSW 0.071 0.932 0.720e1.206 0.591
Osteophytes 0.074 1.077 0.853e1.360 0.533
Radiological feature and
confounders
Sclerosis 0.390 1.475 1.230e1.768 0.000
Cysts 0.206 1.227 1.028e1.465 0.023
BMI 0.006 1.006 0.986e1.026 0.579
Sex 1.097 2.997 2.425e3.703 0.000
Age 0.001 1.001 0.994e1.008 0.776
KeL classiﬁcation and
confounders
KeL 0.392 1.478 1.325e1.649 0.000
BMI 0.012 1.012 0.989e1.035 0.316
Sex 1.034 2.815 2.221e3.569 0.000
Age 0.002 1.002 0.994e1.011 0.561individual radiologic features of OA that fell outside the KeL
classiﬁcation. Grading each individual’s radiological param-
eters of OA followed by extensive statistical analyses re-
solved this problem.
The prevalence of signiﬁcantly reduced JSW increased
rapidly after the age of 50, progressively more so among
women. Each of the other radiological features of ﬁrst
CMCJ OA showed the same sex- and age-related distribu-
tions. In a comparable Finnish study1 hand radiographs of
3595 persons above the age of 35, the prevalence of
KeL grade 2( or more in the right hand was 9.2% in males
and 6.0% in females compared to 4.0% and 7.4% in this
study. The differences of CMCJ OA prevalence between
our own study and the Finnish study can be explained by
different methods in X-ray interpretation and age
distribution.
The higher frequency of OA among women is a general
phenomenon especially in post-menopausal women11,12.Genetic as well as environmental factors may also inﬂuence
the results13,14.
For clinical purposes the X-rays must to a certain degree
identify patients with pain. The uniform relation to symptoms
in the present study demonstrates the applicability of the em-
ployed radiographic description method. One might get the
impression that the same participants are identiﬁed with
the presence of each of the speciﬁc changes. However,
the lack of complete correlations between the parameters
and the different effect on pain demonstrated by the result
of the logistic regression analyses might be explained by dif-
ferent stages of the disease. Different combinations of radio-
graphic features might deﬁne different stages or different
types of OA. The logistic regression analyses demonstrate
osteofytes not to be an important parameter in explaining
pain. This leads to another critical point towards the stratiﬁca-
tion by KeL, which focuses on osteofytes in the grading of
OA. Nevertheless, 40e50% with grade 3 osteofyte changes
500 S. Sonne-Holm and S. Jacobsen: OA of the ﬁrst CMCJ. A study of radiology and clinical epidemiologyand 35e40% with grade 2, had difﬁculties in wringing a dish-
cloth. The accordance between radiographic changes and
pain is higher compared to other joints15,16.
In relation to treatment of patients it seems important to
evaluate individual degenerative features on X-rays trying
to get an explanation for presented symptoms especially fo-
cusing on the presence of scleroses. However, the study
has some limits because accompanied OA in other hand
joints was not taken into account in the analyses.
We conclude that OA in the ﬁrst CMCJ develops
beyond the age of 50 and that the prevalence hereafter
is rapidly increasing, most pronounced among women.
Symptoms, exempliﬁed by pain in wringing a dishcloth,
are strongly related to radiographic changes. After split-
ting up the analyses of radiographic change into JSW,
osteofytes, sclerosis and cysts a certain degree of discor-
dance between the parameters is revealed. The presence
of sclerosis and cysts has an independent effect and
pain. Therefore using global classiﬁcation of OA in epide-
miological studies might hidden important relations and
thereby the pathogenesis of AO.
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